Sample analysis of the Human Genome Diversity ProjectCentre d'Etude du Polymorphisme Humain (HGDP-CEPH) panel with 377 microsatellites or short tandem repeats (STR) conducted in five Native Amerindian populations (Pima, Maya, Colombian, Karitiana, and Surui) found a high frequency of a small allele (275 basepairs) at the tetranucleotide locus D9S1120, which was absent in 47 other worldwide populations (1) . Based on the corresponding number of repeats, this private allele was identified as "9RA" (9 repeats allele). The ubiquitous presence of 9RA in North and South American populations, including the Na-Dene and Aleut-Eskimo, and in related Western Beringian groups suggested that all modern Native American populations originated from the same founding population (2) . A later extended survey of 678 STRs in 29 American populations found high frequencies of 9RA across all American regions (average 0.301 in North America, 0.471 in South America, and 0.364 in the full Native American sample), which was also interpreted as evidence of a single main colonization event (3) . Interestingly, this interpretation based on a single autosomal marker is in agreement with archeological, mitochondrial, and Y-chromosomal data (4) (5) (6) (7) (8) (9) (10) . Finally, the single main colonization hypothesis is supported by the following observations: 1) all the chromosomes with 9RA share the same haplotypic background in the vicinity of D9S1120, suggesting they are identical by descent; 2) the positive selection hypothesis was shown as unlikely; and 3) the range of time estimated for the most recent common ancestor for the 9RA marker is consistent with other recent estimates based on archeological and genetic data concerning the origin of Native American populations (11) .
The forensic potential of D9S1120 for detecting Native American ancestry was evaluated in a third study, which typed three native and two admixed populations from Colombia and three non-American populations (12) . For this purpose, a new primer set reducing the amplicon sizes was designed and an allelic ladder was constructed, characterizing 13 alleles (12) . However, the ability of D9S1120 to identify Native American ancestry requires a fuller evaluation in Latin American populations, both for anthropological and forensic genetics purposes. For instance, the greatest part of Mexican population belongs to an ethnic group created by post-Colombian admixture, commonly known as Mestizos (>90%); in Mestizos, the frequency of the European ancestry component increases toward the northwest and the frequency of the Amerindian ancestry component increases toward the central-southeast (13, 14) . The frequency of African ancestry component is low and evenly distributed through the country (13, 14) . Mexico has a large number of Amerindian populations, with over 68 ethnic groups representing 9.6% of the total population (15) . We analyzed the D9S1120 STR in five Mestizo and eight Amerindian populations from different regions of Mexico. The genetic diversity and population differentiation based on D9S1120 were compared with those obtained by STRs of the Combined DNA Index System (CODIS-STRs).
MateRialS and MetHodS d9S1120 genotyping
DNA was extracted from fresh blood samples by saltingout method (16) . Its quality was evaluated by 1% agarose gel electrophoresis and observed by ethidium bromide staining. The study included 247 and 707 unrelated persons from five Mestizo and eight Amerindian populations from Mexico, respectively (Table 1 ; Figure 1 ). All participants signed a written informed consent, according to the ethical guidelines of the Helsinki Declaration and the study was approved by the Ethics Research Committee of the CUCiénega, University of Guadalajara. For amplification of D9S1120, we used primers and conditions described by Phillips et al (12) . The polymerase chain reaction products were separated by capillary electrophoresis using the ABI Prism 310 and profiles were analyzed with GeneMapper ID software, version 3.2 (Applied Biosystems, Foster City, CA, USA). D9S1120 alleles were named according to the repeat structure and size (bp) described by Phillips et al (12) , which follows the International Society of Forensic Genetics guidelines for STR analysis recommend- ing thorough sequence analysis of alleles used to construct reference ladders.
data analyses
Allele distribution and the following statistical parameters of forensic importance were computed with the PowerStats software (17): observed heterozygosity (Ho), power of exclusion (PE), power of discrimination (PD), polymorphism informativity content (PIC), and typical paternity index (IP). For each population sample, Hardy-Weinberg expectation was verified by exact tests (95% confidence interval, CI) using the Genetic Data Analysis program (GDA), version 1.1 (18) . Genetic differentiation was evaluated by F ST distances and exact test P values including previously published population data (12) using Arlequin 3.1 software (19) . We compared the genetic diversity (Het) and population differentiation (F ST ) based on D9S1120 polymorphism with those previously estimated with nine CODIS-STRs in Mexican Mestizos from Chihuahua, Jalisco, Yucatan, and Veracruz (13, 20, 21) , and available data from Maya and Purépe-cha Amerindian groups (15) . The CODIS-STRs were used for comparison purposes because they were analyzed in all the studied Mexican populations and are included in both Identifiler and Profiler kits (Applied Biosystems). Genetic distances were shown in a multidimensional scaling (MDS) plot to explore the genetic relationships among the populations with SPSS, version 10.0 (SPSS Inc., Chicago, IL, USA). Analysis of molecular variance (AMOVA) was carried out in the total Mexican population sample, and separately in Mestizos and Amerindian groups.
ReSultS allele frequencies and forensic parameters
In Mexican populations, we identified nine alleles (alleles 9, 10, and [13] [14] [15] [16] [17] [18] [19] , but the allele 10 was exclusively observed in the Purépecha group. The increased allele number by population was related to the presence of alleles 13 and 19, which were observed in Mestizos from Chihuahua (north), Jalisco (west), and the Maya group (southeast). The smallest allele number was observed in the Tojolobal (4 alleles) and Lacandon (5 alleles) native groups. The modal alleles in Amerindian groups were 9 (38.2%) and 16 (30.5%), but in the Tojolabal and Maya groups the allele 16 was prevalent over the allele 9 (modal values of 47% and 34%, respectively) ( Tables 2 and 3 ). In Mestizos, the modal allele was 16 (39.1%) followed by 9 (21%).
Genotype distributions of D9S1120 were in agreement with the Hardy-Weinberg expectations in all Mexican populations (Table 2 and 3 ). The only exception was the Tzotzil group, which showed a relatively low P value (P = 0.0364), however this was not significant after Bonferroni correction. In order to record representative D9S1120 genotypes for the main Mexican population groups, we obtained a ratio of genotype frequencies (RGF) between Mestizos and Amerindians and vice-versa ( Figure 2 ). Although genotypes 9/14 and 14/16 can be used to indicate the Amerindian component of Mestizo origin, their potential may be limited by low population frequencies (≤2.03 and 1.63%, respectively). In general, RGF values indicated the allele 9 was typically observed in Amerindian groups and the alleles 14 and 16 in Mestizos.
Genetic relatedness between populations
We estimated genetic distances and Fst P values based on D9S1120 (Table 4 ) and represented them graphically ( Figure 3 ). Mexican populations were compared to the reference populations from Europe, Africa, and East Asia (12) (P < 0.01) and were clearly separated in the MDS plot ( Figure 3A) . No differentiation was observed between all five Mexican Mestizo populations but the majority of differences in pairwise comparisons between Mestizo populations and Lacandones, Tarahumaras, Purépechas, and Tzotzils were significant (Table 4) . Among native groups, Tojolabales and Mayas showed a high frequency of allele 16 (Table 3) , which explains their close relationship with Mexican Mestizos (Figure 3) . Similarly, Mulalós from Colombia (12) showed differences from all Mexican Amerindian groups (P < 0.01), but were similar to most of Mexican Mestizos, except those from Yucatan (P = 0.0032) (data not shown).
A pairwise comparison between Mexican Amerindian groups, including the Mayas (12) , showed that the most differentiated populations were Lacandones, Tojolabales, Tarahumaras, Tzotziles, and Purépechas (Table 4) . Interestingly, the pooled South American groups including the Awa-Kuaikier, Pijao, and Coyaima from Colombia (12) were similar to all five Mexican Mestizo populations (P > 0.01; data not shown) and to the majority of Mexican Amerindian populations, except Lacandones. Individually, the Colombian Awa-Kuaikier population was different from Tarahumaras, Purépechas, Tzotziles, and Lacandones, whereas the Pijao group was different only from Lacandones and Tojolabales. Lacandones was the most distinct and markedly differentiated Mexican Amerindian group ( Figure 3B ). analysis of molecular variance (aMoVa)
AMOVA based on D9S1120 showed a significant interpopulation differentiation among all the Mexican populations (F ST = 4.03%; P < 0.0001). However, Amerindians showed larger and significant inter-population differentiation (F ST = 2.81%; P < 0.0001) than Mestizos (F ST = 0.44%; P = 0.187). When we clustered Mestizos vs Amerindians, the differentiation both between the groups (F CT = 2.19%; P = 0.0098) and within the groups was significant (F SC = 1.84%; P < 0.000), indicating that the population clustering was not robust. Although differentiation between
Amerindians from Mexico and those from Colombia (12) was not significant (F CT = -0.16%; P = 0.409), differentiation within the groups was (F SC = 2.25%; P < 0.0001). Finally, when population structure was assessed between Amerindians (Mexicans plus Colombians) and populations from Europe, Asia, and Africa (12), differentiation between the groups increased substantially (F CT = 8.54%; P < 0.0001).
Comparison of d9S1120 with CodiS-StRs
The genetic diversity represented by heterozygosity (Het) and the population differentiation coefficient (F ST ) based on D9S1120 were compared with those previously obtained using 9 CODIS-STRs from the corresponding Mexican populations (Chihuahua, Jalisco, Veracruz, Yucatan, Purépechas, and the Maya). D9S1120 showed lower genetic diversity than most of the nine CODIS-STRs in most of the populations ( Figure 4A ), (except D5S818 and D3S1358), but it showed higher diversity in Mestizos from Veracruz and the Mayas than four and five CODIS-STRs, respectively ( Figure 4A ). D9S1120 had the ability to differentiate Amerindians from Mestizos, and Amerindian groups between each other. However, its ability to differentiate Mexican Mestizos was limited; in fact, it was just a little higher than that of the most of the CODIS-STRs ( Figure 4B ).
diSCuSSion
In this study, the STR locus D9S1120 was characterized in Mexican Amerindian groups and the admixed Mestizo population to determine its forensic and anthropological potential; importantly, our findings could apply to other Latin American countries. A total of nine alleles were found in Native Americans and Mestizos, with very similar frequency distributions as in previous reports (2, 3, 12) . Five out of 14 alleles previously described in worldwide surveys were not detected: alleles 11, 12, 17.3, 18.3, and 20 ; however, these D9S1120 alleles are rare in all populations (11, 12) . Interestingly, in a previous report including 24 Native American (n = 426) and 53 worldwide populations (n = 1048), the allele 10 was only detected in the Maya, Ojibwa, and Cree populations (3). In our full Mexican Native American sample (n = 1414), the allele 10 was only observed in Purépechas but not in Mayan samples, confirming its very rare frequency, at least among the studied Mexican populations. Another interesting and uncommon allele is the allele 19, which was previously found in the Mayas and whose origin is either Native American or European (12) . In our study, the allele 19 (315 bp) was observed in the Tzotzil native group and three Mestizo populations (<1%), with a higher global frequency in Mestizos than in native groups (0.607 vs 0.141%), in line with the observations of Phillips et al (12) .
The modal alleles 9RA and 16 displayed a prevalence of 38.2% and 39.1% in Amerindian groups and Mestizos, respectively. Therefore, elevated frequency of allele 9RA and/ or low frequency of allele 16 indicate Amerindian ancestry, whereas an opposite pattern indicates an admixture or non-native ancestry (eg, European). In Mestizos, this assumption was evaluated in view of the previously described increasing northwest to southeast gradient of Amerindian ancestry and the opposite gradient of European ancestry. This pattern has been consistently obtained with different genetic systems, such as CODIS-STRs, Y-STRs, and genome-wide single nucleotide polymorphisms analysis (13, 14, 22) . While the allele 16 distribution is in agreement with such ancestry distribution, the 9RA distribution confirms it only partially because its frequency in northern Mestizos from Chihuahua was low (13.7%), and higher in other Mestizo populations (22%-24%). Mexican populations (13, 15, 20, 21 The forensic parameters estimated in this study confirm that D9S1120 can be a useful tool for human identification and molecular anthropology. On average, genetic diversity values (Ho) were larger in Mestizos than Amerindian groups (Table 2 and 3) . In most Mexican populations, the informativeness of D9S1120 was lower than that of the majority of CODIS-STRs, largely due to the dominant, high frequencies of 9RA and allele 16. However, given their different distributions (2, 3, 11, 12) , D9S1120 potentially allows the discrimination of Amerindian and Mestizo biological samples from those of different origin (eg, European, Asian, or African). We would advocate the use of this STR alongside uni-parental markers (ie, Y-chromosome and mtDNA) and particularly ancestry-informative markers in commercial STR human identification kits to provide the most robust ancestry identification in forensic samples. This would be useful in multiethnic countries with a large proportion of Hispanic populations of Amerindian origin (eg, United States).
An interesting finding was that Mestizos and Amerindian groups from Mexico could not be differentiated from their counterparts from Colombia (12) , which is in agreement with the hypothesis on the common origin of Native Americans (2, 3) . Similarly, the population structure and differentiation patterns among some Mexican populations closely agreed with previous analyses based on autosomal STRs (15, 26) and Y-chromosome markers (27) . Additionally, MDS plot stress-values (stress <0.1) indicated a reasonable reliability of the genetic relationships. In summary, our results emphasize the potential of D9S1120 to differentiate Native American groups from Mestizos and other population groups. Further studies of this unique STR are required, especially in view of its application in the forensic practice.
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